Abstract. Knowledge on the biosynthetic pathways of the monoterpene alkaloids is enormous, but little is known about their mechanism of transporting system from the plant cell. There is not concrete evidence confirming the role of ABC transporters in the secretion of monoterpene indole alkaloids (MIAs) in Catharanthus roseus. Therefore, in order to determine the role of different transporting systems involved in the MIAs translocation, we employed a pharmacological approach by using transport inhibitors such as, KCN, Na 3 VO 4 , quinidine and glibenclamide in hairy root cultures of C. roseus. It was found that the accumulation of ATP drastically decreased in the presence of KCN or 100 μM acetylsalicylic acid (ASA)/100 μM KCN. The treatment with the inhibitors KCN and glibenclamide in the presence of ASA significantly increased the ajmalicine secretion compared to the control. The secretion of serpentine was undetected during the first 24 h in all the samples. Treatment with the inhibitors quinidine and glibenclamide provoked a significant reduction of serpentine secretion in the hairy roots compared to the control. Based on our results, we found evidence that ABC transporters might participate in the secretion of MIAs by C. roseus hairy roots. Key words: ABC transporters; alkaloids; Catharanthus roseus; exudation; inhibitors.
Introduction
Catharanthus roseus synthesizes more than 140 secologanin-derived monoterpene indole alkaloids (MIAs) [1] , of the approximately 2,000 known compounds, and some of them such as ajmalicine, vincamine and reserpine (peripheral vasodilators), ajmaline (antiarrhythmic), vinblastine and vincristine (anticancer), and yohimbine (pro-erectile) possess important pharmacological effects [2] widely used in medicine. The biosynthesis of these compounds involves a very complex pathway and also requires the participation of different cell types and different organelles within the cell [3, 4] . These pathways require of a very precise transport system. A pioneer study reported the transport of vindoline and ajmalicine by a specific proton-antiporter system [5] . Followed by this report, another study demonstrated that the transport of vindoline is carried out by an energy-dependent transporter by using C. roseus protoplasts [6] , besides an ion-trap mechanism that could contribute to the vacuolar uptake of these endogenous alkaloids [7] . Recently, it was demonstrated that vacuolar transport of MIAs is mediated by a proton-driven antiport and not by an ion-trap mechanism or ABC transporters [8] . However, the expression of the CjMDR1 gene, a transmembrane ABC transporter from Coptis japonica, in C. roseus cells, produced an increase in the accumulation of ajmalicine and tetrahydroalstonine, alkaloids from C. roseus but not of berberine, the main substrate of the CjMDR1 transporter [9] . Recently, the screening of the Plant Medicinal Genomics Resource database allowed to El-Guizani et al. [10] to identify 16 ABC transporters partial sequences in C. roseus.
The alkaloids biosynthetic pathway can be regulated at the cellular and at the molecular level [11] , which includes their transport through the membranes of different organelles and different tissues. The De Luca's laboratory has found that vindoline is accumulated inside the leaf cells, meanwhile catharanthine accumulates in leaf wax exudates [12] . This separation is mediated by a catharanthine transporter (CrTPT2) that is present in the epidermis of young leaves [13] . The secretion of alkaloids to the leaves surface may be mediated by unique transporters to MIA-producing plant species. A strong candidate could be the transporters involved in the cuticle assembly, which are of the kind of ABC transporters.
Previously, it was reported the accumulation and secretion of MIA by treatment with different elicitors (methyl jasmonate, acetyl salicylic acid and nitric oxide) in in vitro tissue cultures of C. roseus, such as hairy roots [14, 15] , cell suspensions [16] and tumor lines [17] . In our laboratory, we observed that the hairy roots of C. roseus elicited with methyl jasmonate (MeJA) showed a differential secretion of ajmalicine, serpentine, ajmaline and catharanthine compared to the controls [15] . This treatment also increased the accumulation of H 2 O 2 during the first 48 h [18] .
It has been demonstrated the involvement of ABC transporters in the root secretion of phytochemicals [19] [20] [21] [22] . In agreement with these studies, recently it has been showed a tight regulation in the export and accumulation of defense phytochemicals in the rhizosphere [23, 24] . In addition, the ABC transporter, GmPDR12 expression was induced in response to salicylic acid and MeJA [19] . Differential expression of ABC transporters in Arabidoposis thaliana root tissues was observed in response to nitric oxide, salicylic acid and MeJA [22] . Based on these observations, one can hypothesize that ABC transporters might be involved in transporting MIAs from C. roseus cell cultures.
Better understanding about the transport mechanism of secondary metabolites and their regulatory networks would provide the development of novel methods to engineer C. roseus plants for commercial applications. In the present study, we aimed to identify the type of transporters for MIAs by employing pharmacological approach using C. roseus hairy root cultures.
Results
To test whether the secretion of alkaloids is facilitated by ABC transporters, we employed a pharmacological approach by using inhibitors of different transporting systems. If the secretion of MIAs is mediated by ABC transporters, ATP must play a central role and inhibition of ATP production must modify the exudation process.
Effect of inhibitors in plant growth and ATP accumulation
To determine the effect of inhibitors on hairy roots growth, we treated the hairy roots with 100 m of all inhibitors independently and dry weight (DW) was analyzed. We did not observe any difference in the dry weight after 48 h of all inhibitors treatment but significant reduction on the DW of hairy roots was observed after 72 hours only in 100 μM ASA treatment (Fig. 1A) .
We also analyzed the ATP levels in response to the inhibitors. The accumulation of ATP drastically decreased (close to zero) in the presence of KCN or 100 μM ASA/100 μM KCN (Fig. 1B) and the condition was lasted for the next 60 h. The treatment with 100 μM ASA alone slightly decreased the accumulation of ATP during the first 36 h and slowly the ATP levels were increased to 70 g ATP g -1 fresh weight (FW) (Fig. 1B) , while the control remains around 40 g ATP g -1 FW after an increase during the first 36 h. High significant differences were observed in the levels of ATP between the treatments of 100 M ASA and KCN (Fig. 1B) . Ajmalicine was the more abundant MIA identified in the culture medium of hairy roots. The secretion of this alkaloid was significantly increased after 48 h of the treatment with 100 μM ASA ( Fig. 2A ) and the level of ajmalicine was two-fold more (7.75 mg L -1 ) than the control (3.06 mg L -1 ) after 72 h of treatment. In the presence of inhibitors alone (KCN, orthovanadate, quinidine and glibenclamide), we did not observe any significant changes in ajmalicine secretion compared to control. But, we observed differential changes in ajmalicine secretion when hairy roots treated simultaneously with the inhibitor and ASA. For instance, treatment with the inhibitors, KCN ( Fig. 2A) and glibenclamide (Fig. 2D ) in the presence of ASA significantly increased the ajmalicine secretion compared to control. Unlikely, the inhibitors orthovanadate (Fig. 2B ) and quinidine (Fig. 2C) in the presence of ASA did not show any significant changes in ajmalicine secretion.
Effect of inhibitors in serpentine secretion by hairy roots of C. roseus
The secretion of serpentine was undetected during the first 24 h in all the samples (Figs. 3A-3D ). In the control samples there was a gradual increase in the secretion of serpentine (0.8 mg L -1 ) at 48 h (Figs. 3A-3D ). In the presence of ASA, the serpentine secretion was increased to 2.0 mg L -1 after 24 h and stayed high till 72 h period of the study (Fig. 3A) . When treated with the inhibitors alone we observed different trends: KCN did not show significant change compared to control (Fig. 3A) and unlikely orthovanadate showed significant increase in serpentine secretion compared to control at 48 h (Fig. 3B) . On the contrary, the inhibitors quinidine and glibenclamide showed sig- nificant reduction of serpentine secretion compared to control (Figs. 3C-3D) . Interestingly, the treatment with quinidine in the presence of ASA also showed significant reduction in serpentine secretion at 72 h (Fig. 3C ) but the presence of ASA with other inhibitors showed significant increase in serpentine secretion (Figs. 3A-3D ).
Effect of inhibitors in catharanthine secretion by hairy roots of C. roseus
Catharanthine secretion did not show significant difference between the treatments with 100 μM ASA and the control (Fig. 4A-4D) . However, the treatment with 100 μM KCN alone, significantly increased the secretion of catharanthine at 24 h (Fig. 4A) . Furthermore, the treatment of hairy roots with 100 μM ASA/100 μM KCN significantly increased catharanthine secretion in the culture media in comparison with other treatments and control (Fig. 4A) . But, the treatment of hairy roots with other inhibitors (orthovanadate, quinidine and glibenclamide) in the presence and absence of ASA did not show any significant changes in catharanthine secretion compared to control (Fig. 4B-4D ).
Non-target profile of secreted compounds by hairy roots of C. roseus in the presence of inhibitors
The treatment of C. roseus hairy roots with 100 μM ASA increased the secretion of several unidentified compounds (Table  1 ; peaks 1, 4, 9 and 21) along the 72 h of observation (Tables  1, 3 , 5, 7). After 12 h of treatment with 100 μM KCN, it was observed the decrease of the peaks 2, 6 and 13 (Table 1) ; same for peaks 1, 2 and 13 at 24 h of treatment ( Table 3 ). The treatment with ASA/KCN reduced the secretion of compounds 2, 5 and 13 during the first 12 h of treatment. The inhibition was still observed after 48 h of treatment for peaks 5 and 13. The inhibitory effect of the KCN, alone or in combination with ASA disappeared after 48 h of treatment (Table 5 ). Several peaks, such as 1, 4, 6, 9 and 12 increased their secretion in response to the presence of ASA or ASA/KCN along the period of study (Tables 1, 3 , 5, 7).
Under the treatment with orthovanadate the absence of peak 6 and the decrease of peak 13 were observed in comparison to the treatment with 100 μM ASA after 12 h ( Table 1 ). The reduction of peaks 6 and 21, and the absence of the peak 18 were observed with the treatment of orthovanadate after 48 h (Table 5 ). The peaks 1, 4, 6, 8 and 21 were also reduced after 72 h of treatment (Table 7) . Peak 4 incremented with the ASA treatment. Under the treatment with ASA/orthovanadate through the 72 h, the peaks 1, 4, 13 and 21 were reduced (Table  7) . On the other hand, the peaks 2, 6, 8 and 9 were increased ( Table 7) . The decrease of peaks 4, 6 and 14 were observed through the treatment with quinidine after 12 h (Table 2) , as well as the absence of peak 1. After 48 h of treatment, peaks 4, 13 and 19 decreased (Table 6) . From 24 to 72 h the absence of peaks 1, 2, 3 and the decrement of peak 21 was observed (Tables 4, 6, 8) . When the hairy roots were treated with ASA/quinidine, some compounds such as, peaks 1, 2 and 3, were not detected (Tables 2, 4, 6, 8). However, other peaks, such as 4, 6, 11 and 20 increased after 72 h of treatment with ASA/quinidine ( Table  8) . It is important to indicate that most of these peaks increased with the treatment of 100 μM ASA in comparison with the respective control.
Several peaks decreased with the treatment of 100 μM glibenclamide. Peaks 1, 2, 6, 9, 13, 14, and 19 decreased after 12 h of treatment (Table 2) . Peaks 2 and 21 were absence after 72 h of treatment (Table 8 ). On the other hand, several peaks increased with the treatment of ASA/glibenclamide, such as the case for peaks 2, 4, 6, 9 and 14 after 12 h of treatment (Tables 2, 4, 6, 8). Peaks 2, 3, 4 and 7, even after 72 h of treatment, are higher than the controls (Table 8) .
The secretion of unknown compounds by C. roseus hairy roots did not change after the treatment with NO (data no showed). Indeed, we observed that the treatments with NO/ KCN, NO/orthovanadate, NO/quinidine and NO/glibenclamide did not result in an inhibitory effect of the compounds secretion when comparing with the respectively controls.
HPLC analysis revealed clear differences in the pattern of secretion of the alkaloids from hairy roots treated with ASA and ABC transporters inhibitors (Tables 1-8 ). Using the principal components analysis (PC) we were able to determinate that the different treatments segregated from the control sample and they were clearly grouped along the first PC axis (Fig. 5) . Interesting, at 72 h the treatments that include ASA make a clear group, except the treatment ASA/KCN. Moreover, the treatments with quinidine and glibenclamide were closed correlated with DMSO as control. On the other hand, a close corre lation was observed between KCN and orthovanadate but not with the respective control (Fig. 5 ) Table 2 . Catharanthus roseus hairy roots alkaloids profile secreted evaluated at the sampling times of 12 hours after treatments. Treatments with ASA, quinidine, ASA/quinidine, glibencamine, ASA/glibencamine. Error bars represent ± SE (n = 3). The experiment was performed three times. In order to enhance and manipulate secondary metabolites mediated defense responses, it is necessary to understand the biosynthesis, regulation and transporting mechanism of these compounds. In the present study, we made an attempt to identify the different transporting systems to translocate the indole alkaloids by employing pharmacological approach with the help of inhibitors. The secretion of secondary metabolites from the plant cells is often reported to be an energy-dependent transport [5, 25] . On the other hand, recent studies demonstrated that ABC transporters are involved in the transport of some secondary metabolites from plant root cells [13, 20, [26] [27] [28] .
If the secretion of MIAs is mediated by ABC transporters, ATP must play a central role and inhibition of ATP production must modify the secretion process. We used potassium cyanide an inhibitor of ATP synthesis, [29] , Sodium orthovanadate is an inhibitor of the membranal ATPases [30, 31] and also inhibits all kinds of ABC transporters [32, 33] , quinidine and glibenclamide are potassium channel blockers [32] . Besides these, there are other type of sulfonylurea receptor inhibitors that are also able to inhibit the function of some ABC transporters [34] .
In our study, the treatment of C. roseus hairy roots with KCN inhibited the accumulation of ATP, both in the presence or absence of an elicitor ASA (Fig. 1B) and it suggests that the inhibitor KCN clearly reducing the ATP levels in the cell. Shitan et al. [35] demonstrated that the addition of KCN inhibited the levels of berberine uptake by Cjmdr1-injected oocytes. Furthermore, Loyola-Vargas et al. [20] reported that KCN inhibited the roots-secretion of phytochemicals in Arabidopsis thaliana plants. Based on these observations, KCN is considered to be a good inhibitor and reduce ATP levels in the cell and it is worth to analyze the secretion levels MIA by supplementing KCN in hairy roots to determine the ABC transporters role in MIAs transport.
In A. thaliana P-type H + -ATPase isoforms found in membranes [36] and P-glycoproteins are strongly inhibited by vanadate [33, 37] . In our case, both potassium cyanide and sodium orthovanadate inhibited the alkaloid secretion of several peaks, specially numbers 2, 5 and 13 by C. roseus hairy roots (Tables 1, 3) .
Orthovanadate is generally accepted as a strong inhibitor of ABC transporters [33, 37] , and their inhibitory effect were observed on ajmalicine secretion after 48 h of treatment (Fig.  2B) and serpentine secretion after 24 h (Fig. 3B) . In Lycoper- [38] , suggesting a possible link between proton fluxes across the plasma membrane and the secretion of compounds into the rhizosphere. However, alkalinization did not occur, since the pH value of the medium, during the culture period varied from 5.75 to 6.34, for all the treatments including the controls. These data suggest that the secretion process is ATP-dependent and that either a primary or secondary active transporter could be involved in the secretion of phytochemicals into the culture medium by C. roseus hairy roots. When C. roseus hairy roots were cultured in MS medium we found that the conductivity of the medium was between 2.1 and 3 mSi for the treatments. These data suggest that it is more probable that the secretion of phytochemicals occurs through a primary transporter. Nevertheless, we cannot discard the possibility that in the microenvironment of the apoplast, around the cell wall, the concentration of protons is enough to drive the efflux of phytochemicals. Another possibility is that the secreted phytochemicals are stored in the vacuole; if this is the case, it is possible that the secretion of the compounds is mediated by active secondary transport systems that require the V-ATPase and vacuolar pyrophosphatase for maintenance of a proton gradient across the tonoplast.
Another two compounds which inhibit the activity of various transporters were examined by addition to the medium at the concentration of 100 M of each inhibitor. Quinidine and glibenclamide are inhibitors of channel blockers and of ABC transporters [39, 40] that function as a drug efflux pump in human cancer cells [41] . In plants, it is well documented the role of ABC transporters in translocating the secondary metabolites by using inhibitors. For instance, berberine uptake by a vacuolar P-glycoprotein is inhibited by nifedipine and quinidine in a dose-dependent manner [42] . Verapamil, nifedipine and glibenclamide also inhibit berberine uptake in Cjmdr1-injected oocytes [35] . It has also been shown that an ABC-type efflux-transporter is functioning in Thalictrum minus suspension cultures [43] . Geisler et al. [44] by using MDR/PGP inhibitors like cyclosporin A and verapamil inhibited the efflux of auxin in PGP 1 transformed yeast.
As shown in tables 1-8, and figures 2C, 3C and 3D the secretion of some unidentified phytochemicals as well as ajmalicine and serpentine produced by C. roseus hairy roots was inhibited by these compounds, suggesting that a primary transporter might be involved in their exudation into the medi- um. Only the secretion of a few compounds is inhibited by each inhibitor, suggesting that the inhibition process is very selective and that different transporters are involved in the secretion of the different secondary metabolites by the hairy roots. However, in some cases unrelated compounds can be moved by the same transporters, like yeast pdr5p which is able to transport flavonoids, indole alkaloids and taxol [45] . In our research the secretion of MIAs by hairy roots treated with the different inhibitors in presence of ASA did not followed the same pattern for all the alkaloids, suggesting the presence of more than one MIAs transport mechanism. For instance, ajmalicine was the most abundant alkaloid secreted by the treatment with ASA/KCN after 72 h (Fig. 2A) . However, at the same time the treatment with ASA/orthovanadate significantly decreased the secretion of ajmalicine when compared with the treatment with ASA (Fig. 2B) . A similar effect was observed for the secretion of serpentine with the treatments with ASA/KCN and ASA/quinidine after 72 h of treatment (Figs. 3A and 3C) .
HPLC analysis reveals the existence of 22 main peaks present in the C. roseus hairy roots exudates. The peaks were enumerated from 1 to 22 following the elution time. The peaks 3, 11 and 12 corresponded to serpentine, ajmalicine and catharanthine respectively. Among the unknown peaks, the secretion of twelve of them (1, 2, 4, 6, 8, 9, 13, 14, 15, 18, 19 and 21) were inhibited or reduced when the hairy roots was treated with KCN, orthovanadate, quinidine or glibenclamide (Tables  1-8 ). However, in many of the cases the treatments with KCN, orthovanadate, quinidine or glibenclamide in presence of ASA, induced again the secretion of these compounds (Tables  1-8 ), suggesting that the increase in the amount of alkaloids produced by the ASA induction is higher than inhibition of the transport produced by the inhibitor. Also could be possible that the ASA induced the presence or additional transporters, which in turn can increase the secretion of the alkaloids. In transgenic plant cell suspension cultures of N. tabacum, carrying PRD5 genes from yeast, it as has been shown that those genes can be used to stimulate the secretion of secondary metabolites [46] .
The increase in secretion of some peaks (Tables 1-8) observed at 100 μM quinidine could be the result of a plasmatic membrane leak because of the strong inhibition of the transport system; however, this explanation appears improbable since there is a clear inhibition of several other peaks. It is possible that the increase in secretion of these peaks may be an indirect effect of the inhibitor since some transporters, such as P-glycoprotein and members of the multidrug-resistance-relat- *ASA = acetyl salicylic acid; Ort. = orthovanadate; Qui. = quinidine; Gli. = glibenclamide
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ed protein (MRP) subfamily in animal cells are able to efflux anticancer drugs from the cytosol [47] ). Glibenclamide inhibits the potassium channels and some ATP transporters in animal cells [34] . When added to hairy roots cultures inhibited the secretion of several peaks, including serpentine (Fig. 3; Tables 1-8 ). Recently it has been shown that a Crmdr1 is constitutively expressed in the root of C. roseus plants and that may be involved in the transport and accumulation of secondary metabolites [48] .
On the other hand, glibenclamide, in the presence of NaCl, inhibits the growth of the roots of the mutant Atmrp5-2 grown in NaCl alone [49] . This inhibition is reversed by diazoxide, a known K + -channel opener that reverses the inhibitory effects of sulfonylureas in animal cells. However, it cannot discard the possibility of an indirect effect of this compound with MATE transporters or the possible indirect effect on vacuolar, pH-dependent transport [50] .
Conclusions
Taken together, the data presented here provides evidence that ABC transporters could be involved in the secretion of MIAs.
Understanding the biosynthetic pathway of these compounds is important, indeed the understanding of the transporting mechanisms of these compounds would be a novel area to engineer the plants to enhance the secretion of these compounds to increase the value of secondary metabolites for plant to defend biotic and abiotic stresses that lead to plant health and production [51] .
Experimental section Plant material and growth conditions
Catharanthus roseus hairy roots were obtained through genetic transformation of roots with Agrobacterium rhizogenes strain 1855 bearing plasmid pBI 121.1 [52] . The hairy roots were maintained by sub-culturing every 15 days using halfstrength Gamborg B 5 medium [53] supplemented with 3% (w/v) of sucrose. The cultures were kept on orbital shakers at 100 rpm in the dark at 25 ± 2 ºC.
Inhibition assays
Fourteen-day-old hairy roots were washed with water twice and transferred in to liquid Gamborg B 5 media supplemented with 3% (w/v) of sucrose, elicitors and/or inhibitors (100 μM potassium cyanide, KCN; 100 μM sodium orthovanadate, Na-3 VO 4 ; 100 μM quinidine or 100 μM glibenclamide). KCN and Na 3 VO 4 were dissolved in water while quinidine and glibenclamide were dissolved in DMSO. The elicitors used in this study were acetylsalicylic acid (ASA; 100 μM) and sodium nitroprusside (Na 2 [Fe(CN) 5 NO]; 10 μM) as nitric oxide (NO) donor. Both elicitors were dissolved in water. The experiment was conducted with 13 treatments in different combinations of inhibitors and elicitors and their respective controls. The hairy roots were exposed to ASA and collected the tissues at 12, 24, 48 and 72 hours and to NO for only 12 hours. In each sampling-time, the plant material was weighed and alkaloids were extracted from both the culture media and the hairy roots.
Fresh (FW) and dry weight (DW) determination
After 12, 24, 48 and 72 h of elicitation with 10, 100 and 250 μM of ASA, hairy roots were collected and weighed for FW determination. For DW determination, the roots were frozen at -80°C and freeze-dried. After total elimination of water was achieved, the lyophilized roots were weighted. Each sample was done by triplicate. The experiment was repeated three times with triplicate.
ATP determination by high performance liquid chromatography (HPLC)
ATP was extracted from the mitochondrial sample as previously reported by Yang et al. [54] . The HPLC method reported by Liu et al. [55] was followed. Briefly, sample from isolated mitochondria were chromatographed by gradient elution on a 4.6 mm x 150 mm reverse phase, Zorbax Eclipse XDB, 5 μm particle size C 18 column (Agilent Technology). The chromatographic system (Agilent series 1200) consists of quaternary G1311A pumps connected to a G1329A automatic sample injector. The injected samples (20 μL) were detected at 254 nm with Gold 168 diode array detector G1315B (Agilent technology). The mobile phase A consisted 60 mM K 2 HPO 4 and 40 mM KH 2 PO 4 dissolved in HPLC quality water and adjusted to pH 7.0 with 100 mM KOH, while mobile phase B consisted of 100% acetonitrile. HPLC separation was achieved using continuous gradient elution. ATP in the samples were identified by comparison with the retention time of the standards, while the concentrations of ATP were determined using the external standard method. Data were expressed as means of three replicate determinations.
Extraction of alkaloids from culture medium
To examine the secreted phytochemicals from C. roseus hairy roots, liquid media samples from in vitro-grown Catharanthus hairy roots were collected (final volume of 100 mL), filtered through a nylon syringe filter of pore size 0.45 μm (Life Sciences Cat. PN 4612 or Nalgene cat. 195-2520) to remove any cellular debris, and concentrated by freeze-drying (Labconco) to remove water. The concentrate was dissolved in 5 mL 2.5% (v/v) sulphuric acid and extracted as described by Monforte et al., [56] . The final concentrate was dissolved in 500 μL of absolute methanol (Fisher Scientific Co.) and analyzed by HPLC. The same procedure was followed for each treatment.
HPLC analysis of alkaloids from the exudates
Compounds from roots and media were chromatographed by gradient elution on a 4.6 mm x 150 mm reverse phase, Zorbax
Eclipse XDB, 5-μm particle size C 8 column (Agilent technology). The chromatographic system (Agilent series 1100) consists of two G1312A pumps connected to a G1328A manual sample injector. The injected samples (20 μL) were detected at 280 nm with a variable UV-vis detector G1365B (Agilent technology). The mobile phase consisted of acetonitrile: 10 mM (NH 4 ) 2 HPO 4 (43:57) a flow rate of 1.5 mL min -1 . The solution was filtered through a 0.22 μm nylon filter and degassed under vacuum.
Retention times and peak heights of commercially purchased ajmaline, serpentine, vincamine, vindoline, ajmalicine and catharanthine (Sigma Chemical Co.), were run in HPLC to determine the possible presence and concentration of compounds in the root exudates and tissues.
Statistical Analysis
Each experiment was conducted with triplicate. The statistical analysis was performed by one-way ANOVA analysis, taking P P significant, respectively. Principal components analysis (PCA) was performed using the average of the peak areas of the chro- 
